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FOREWORD

The structural analysis of the FS-2 model was
performed under the NASA Apollo Contract
NAS9-150, Exhibit I, paragraph5.1.

This report was prepared by the Aero-Thermo
Model Structures Group, Los Angeles Division of

North American Aviation, Inc., under the direction
of C, B. McClain.
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ABSTRACT

This report covers the structural integrity of the Apollo FS-2 Force
Model to be run in the Ames Unitary Plan Wind Tunnel and also in the North
American Trisonic Wind Tunnel.

Loads for the calculations shown are based on the Ames Tunnel condi-
tions, starting or steady state, whichever gives the most critical load for the
component in question. A summary sheet of Trisonic Tunnel margins of
safety is included in the report also.

All components show positive margins of safety based on a safety factor
of five on material ultimate; except the short (-4) tower. The tower base
legs have a safety factor of 3. 62 on the ultimate strength of the material with
full primary and secondary stresses combined,

The balance will be overloaded in starting at @ = 0° unless the normal
elements are used to resist side loading (roll 90°). When a= 90° rolling
moment will be the only overload consideration, again in starting,

All components not analyzed in this report were considered not
critical.

-1V -
SID 62-104




N\
NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATICN SYSTIEMS DIVISION

N

CONTENTS

Section
| INTRODUCTION

I DISCUSSION . .
Launch Escape Rocket Motor Assernbly
Jettison Motor
Launch Escape Tower Structures
Command Module . . . . . . .
Sting . .
Margins of Safety (Ames)
Estimated TWT Loads

I REFERENCES . . . . . . . . .
LOADS . . . . ' .
APPENDIXES
A, STRUCTURAL ANALYSIS .
B. MODIFICATIONS FOR DUAL BALANCE TEST
C. MODIFICATION TO UPDATE THE FS-2 MODEL .
D. AUTOMATED STRAKES. . .
E., ADDITION OF CANARD PLATE TO TOWER

STRUCTURE .
COMMAND MODULE ANTENNAS VENT AND
UMBILICAL FAIRING .

g

-V -

SID 62-104

Page

[N} O kW Www

p—

Saw»>



-

NORTH AMERICAN AVIATION., INC. (/} SPACE and INFORMATION SYSTEMS DIVISION

. INTRODUCTION

This report presents a structural analysis of the 0.105-scale Apollo
wind tunnel model (FS-2). Numerous configurations of the model are to be
tested in the Ames Unitary Plan 8- by 7-, 9- by 7-, and 11- by 1l1-foot
wind tunnels. The ability of the most critical of these configurations to
withstand the loadings encounteredduringtest is analyzed herein. The load-
ings used are based on steady-state conditions in the Ames 11- by 11-foot
Unitary Plan Wind Tunnel. A summary table of margins of safety is also
provided in this report to cover the load conditions these models will be
subjected to in the North American Aviation, Inc., Trisonic Wind Tunnel
Facility,

Test conditions are covered in this report, and starting and steady-state
loading are investigated with the result that steady-state loading is critical
for the model components when at a 90-degree angle of attack, The tunnel
starting condition will be critical for the sting when at a 0-degree angle of
attack. Starting will also be critical for the balance when at 0 and 90
degrees angle of attack.

All components to be tested in the Ames Facilities have positive
margins of safety on a safety factor of 5 on material ultimate. The balance
elements will be loaded above rated value unless balance installations are
studied carefully.

These models are also to be tested in North American Aviation's
Trisonic Wind Tunnel. The basic tower (170 inch) will have a negative
margin of safety for that test unless starting angles of attack are kept below
20 degrees.

Components not analyzed in this report are concluded to be not critical.

SID 62-104
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I. INTRODUCTION

This report presents a structural analysis of the .105 Scale
Apollo Wind Tunnel Model (FS8-2). Numerous configurations of the model
are to be tested in the Ames Unitary Plan 8 x 7, 9 x 7 and 11 x 11 foot
Wind Tunnels. The ability of the most critical of these configurations
to withstand the loadings encountered during test is andlysed herein.
The loadings used are based on steady state conditions in the Ames
11 x 11 foot Unitary Plan Wind Tunnel.

A summary table of margins of safety is also provided herein to

cover the load conditions these models will be subjected t0 in the
Forth American Aviation, Inc., Trisonic Wind Tunnel Facility.

- 101 -
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II SUMMARY

This report is s structural analysis of the most eritical of
various configurations of the .105 Scale Apollo Wind Tumnel Porce
Model (Fs-2).

Test conditions covered are for the Ames Unitary Plan 8 x 7,
9x 7, and 11 x 11 foot Wind Tunnels. Btarting and steady state
loading are investigated with ths result that steady state loading
1s eritical for the model components when at an angle of attack of
ninety degrees. The tunnel starting condition will be critical for
the sting vhen at zero degree angle of attack. Starting will also
be critical for the balance when at zero, and also ninety degrees,
angle of attack.

All components to be tested in the Ames Facilities have positive
margins of safety on a safety factor of five on material ultimate.
The balance elements will be loaded sbove rated value unless balance
installations are studied carefully.

These models are also to be tested in North American Aviation's
Trisonic Wind Tunnel at & later date. The basic tower (170-1nch) will
have s negative margin of safety for that test unless starting angles
of attack are kept belov twenty degrees.

Components not analyzed in this report are concluded to be not
critical.
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Il. DISCUSSION

LAUNCH ESCAPE ROCKET MOTOR ASSEMBLY

Two escape rocket motor configurations are to be tested. One is a
basic motor of cylindrical shape with a conical nose cone and a flared skirt
aft; the other one is a motor with the same conical nose cone as the basic
motor and a taper-sided shape (page A-3 of Appendix A). The taper is from
the nose cone to the same diameter at the base (aft) as the basic motor flare
skirt.

The alternate rocket motor shape is used for calculating loads on the
rocket-tower-command module configurations checked in Appendix A. For
critical section checks on the rocket motors, the basic motor is critical at
the intersection of the cylindrical side and the skirt flare (page A-3),

Bending and compressive stresses due to normal and drag loading
on the rocket are in the order of 3225 psi. When compared with a safety
factor of 5 on a material ultimate of 77, 000 psi, this gives a positive margin
of safety of 3, 76.

JETTISON ROCKET ASSEMBLY

As is the case with all the Apollo launch escape configurations, the
jettison rocket motor is not highly loaded. It is somewhat protected by the
tower structure when running at high angles of attack and is completely
blocked by the rocket motor when at low angles of attack; therefore, no
structural problem exists in the structure or attachment.

LAUNCH ESCAPE TOWER STRUCTURES

Four tower structures are designed for testandtwo are analyzedin this
report. The long (240 inch) and the one equivalent to the 170-inch full-scale
tower. The two short towers (120 and 80 inch) are adequate by comparison.

Leg sizes of the 240-inch and the 170-inch towers differ. The longer
tower has 3/8-inch-diameter legs, and the 170-inch tower is made with
5/16-inch-diameter legs. The web members on both towers are all 1/4-
inch rods.

SID 62-104
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[II DISCUSSION

Launch Escape Rocket Motor Assembly

Two configurations of escape rocket motors are to be tested.
One 1s a basic wotor of cylindrical shape wvith a conical nose cone,
and a flared skirt aft. The other one is a aotor wvith the same con-
ical nose cone as the basic motor and a taper sided shape, (A-3).
The taper is from the nose cone to the same diameter at the base
(aft) as the basic motor flare skirt.

The alternate rocket motor shape is used for calculating
loads on the rocket-tower-command module configurations checked
in Appendix A. PFor critinal section checks on the rocket motors,
the bhasic motor is critical at the intersection of the cylindrical
side and the skirt flare, (A-3).

Bending and compressive stresses, due to normal and Adrag
loading on the rocket are in the order of 3,225 psi. When com-
pared with a safety factor of five on a material ultimate of
T7,000 psi, this gives a positive margin of safety of 3.76.

Jettison Rocket Assembly

As is the case with all the Apollo lsunch escape configurations,
the jettison rocket motor is not highly loaded. It is somevhat pro-
tected by the tower structure vhen running at high augle of attack
and completely blocked by the rocket motor vhen at low angles of
attack; therefore, no structural problem exists in the structure
or attachment.

Launch Escape Tower Structures

Four tower structures are designed for test. Two of the four
are analyzed in this report. The long (240-inch) and the one equi-
valent to the 170-inch full scale tower. The two short towers (120-
inch and 80-inch) are adequate by comparisonm.

Leg sizes of the 24O-inch and the 170-inch towers differ. The
longer tower has three-eights inch diameter legs, and the 170-inch
tower is made with five-sixteenth inch diameter legs. The wedb
members on both towers are all one-quarter inch rods.

Construction and assembly of all members is by wvelding at the
Joints of the web members to the legs (A-k,12). All bays above the
base bay are tapered panel type vith one diagonal in each of four
sides.

-3.1-
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ITT DISCUSSION (Cont)

The base bay is a bent frame with a double beam top and two single
rod knee braces in each of its four sides. Critical stresses occur
at the junction nf the kneebrace to the leg, and at the base of the
legs where they join to the stiff rod attachment ends.

Combined compression, due to the over turning moment and side
sway bending, induce stresses of 31,650 psi in the long tower and
70,000 psi in the 170-inch tower. The shorter tower is therefore
most critical.

For steady state loading condition at ninety degrees angle of
sttack, the margin of safety for the above stress, when compared with
e safety factor of 5 on material ultimate, is a negative twventy-
eight percent. A true safety factor for the stresses shown is 3.62,
(A-15). The long tower has a positive margin of safety of fifty-
three percent for the ninety degree steady state loads, (A-3); vhich
are the highest encountered at the Ames Facilities.

Command Module

Tower reactions are transferred to the command module through a
pair of tower mounting blocks. Thess blocks attach directly to the
balance block into which the balance cavities are bored. The external
structure of the command module is of shell type and resists air loads.
only on itself. These loads are transmitted directly to the balance
block,

Of significance strees wise, are the tover leg socket attachment
and tower mounting block sttachment to tbe balance block (A-17,21)
and (Reference 9).

All margins of safety are one-hundred percent or more on &
safety factor of five on material ultimate.

Sting

The sting is made in the form of a tapered, round bar, and is
machined from a 17-4 PH corrosive resistant steel forging.

When the model is at zero angle of attack loads on the sting are
a maximm during starting conditions. The critical section occurs at
the sting to tunnel adapter socket, (A-25,28). Side and normal loads
combine to causs a stress of 37,400 psi in bending. Shear stresses
are in the order of 200 psi and can be neglected.

The Margin of Safety for a section at the thick part of the aft
socket taper is fifty percent positive.

- 3.2-
SID 62-104




NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

All members are constructed and assembled by welding at the joints
of the web members to the legs (pages A-4 and A-12). All bays above the
base bay are tapered panel type with one diagonal in each of four sides.

The base bay is a bent frame with a double beam top and two single
rod knee braces in each of its four sides. Critical stresses occur at the
junction of the kneebrace to the leg and at the base of the legs where they
join to the stiff rod attachment ends.

Combined compression due to the over turning moment and side-sway
bending induces stresses of 31, 650 psi in the long tower and 70, 000 psi in
the 170-inch tower. The shorter tower is, therefore, most critical. For
steady-state loading condition at 90 degrees angle of attack, the margin of
safety for these stresses, when compared with a safety factor of 5 on mate-
rial ultimate, is a negative 28 percent. A true safety factor for the stresses
shown is 3.62 (page A-15). The long tower has a positive margin of safety
of 53 percent for the 90-degree steady-state loads (page A-9), which are
the highest encountered at the Ames Facilities.

COMMAND MODULE

Tower reactions are transferred to the command module through a
pair of tower mounting blocks attached directly to the balance block into
which the balance cavities are bored. The external structure of the com-
mand module is of shell type and resists air loads only on itself. These
loads are transmitted directly to the balance block,

The tower leg socket attachment and tower mounting block attach-
ment to the balance block (pages A-17 and A-21) are s1gn1f1cant in
considering stress (Reference 4).

All margins of safety are 100 percent or more on a safety factor of
5 on material ultimate.

STING

The sting is in the form of a tapered, round bar and is machined
from a 17-4 PH corrosive resistant steel forging.

When the model is at 0 degrees angle of attack, loads on the sting
are a maximum during starting conditions. The critical section occurs at
the sting to tunnel adapter socket (pages A-25 and A-28)., Side and normal
loads combine to cause a stress of 37, 400 psi in bending. Shear stresses
are in order of 200 psi and can be neglected,

SID 62-104
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IV MARGIN OF SAFETY TABLE

(AMES TEST)

Page Component Type of Stress M.8.

A.3 -1 Rocket Bending 3.76

A.9 -6 Tower lLeg | Comp. and Bending .53

A.10 -6 Tower Diameter Tension 1,17

AL -6 Tover Welds Shear B b

A.15 -4 Tower Leg Comp. and Bending -.28

A.18 =3 Socket Weld Shear 1.10

A.19 =3 Socket Rod Bending 1.97

A.19 =3 Socket Screvw Tension 3.1k

A.20 =3 Socket Rod Tension High
¢ A.20 -3 Socket Rod Shear High

A,22 =5 Block Screwvs Tension 1.29

A.23 =5 Block Pins Shear 2,64

A.30 Ames Sting Bending «50

A3 Ames Balance Side Load = June

A.32 Ames Balance Roll = hgue

Couponent TVI TEST K.S. * Irue S.F.

-1 Rocket o719

-6 Tower Legs -.48 (1.56)

-6 Tower Welds .78

-6 Tower Diagonale -.28 (2.15)

-b Tower Legs X = 50° Start =77 (.71k)

X = 200 Start

-3 Socket - 47 (.58

. # Based on Safety Factor of 3 om Ult.
- 4,1 -
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IV MARGIN OF SAFETY TABLE

Cont.

Balance
of =0°, TWT Start, Task 2-3/8" Bal.

-6 Tower/Alt. Rocket
Element Rated load Test load
M. Normal 3750 3888
v, 81de 1875 A30h
Chord 4200 6398

o =00, TWT Start, Task 2-3/A" Bal.
-§ Tower/Basic Rocket & Jettisom Motor at Nose

M. Bermal Not Critical
M, 8ide 1817 35h
Chord 4200 6396

o =20°, TWT Start
-h Tover/Basic Rocket vith Jettiscm Rocket at Nose

#*# Relling Moment 8000 5339
*% i, Bide Rurce 1875 3406
Ped. Normal 37%0 V737
Chord 20 6387

“muwm-wax(cmamarmzmwmum
‘only, 20° used here).

*.2.

ATD £2-10k




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

The margin of safety for a section at the thick part of the aft socket
taper is 50 percent positive.

MARGINS OF SAFETY

The margins of safety for the Am=s tests are presented in Table 1,

Table 1.

Ames Test Margins of Safety

Appendix
Component Type of Stress Margin of Safety | Page No.
-1 Rocket Bending 3.76 A-3
-6 Tower leg Compression and bending 0.53 A-9
-6 Tower diameter | Tension 1.17 A-10
-6 Tower welds Shear 4.4 A-11
-4 Tower leg Compression and bending -0.28 A-15
-3 Socket weld Shear 1.10 A-18
-3 Socket rod Bending 1.97 A-19
-3 Socket screw Tension 3.14 A-19
-3 Socket rod Tension High A-20
-3 Socket rod Shear High A-20
-5 Block screws Tension 1.29 A-22
-5 Block pins Shear 2,64 A-23
Ames sting Bending 0.50 A-30
Ames balance Side load -0, 34% A-31
Ames balance Roll -0, 48%* A-32

*For any angle of attack and is a function of model angle to sting angle only
(20 degrees used here).

SID 62-104
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. The Transonic Wind Tunnel margins of safety based on a satety tactor
of 3 on the ultimate are presented in Table 2.

Table 2. TWT Test Margins of Safety

Component M.S. True Safety Factor
-1 Rocket 0.79
-6 Tower legs -0.48 1.56
-6 Tower welds 0.78
-6 Tower diagonals -0.28 2.15
-4 Tower legs -0.77 0.714
o= 50 deg Start
a= 20 deg Start
-3 Socket -0.47 1.58

ESTIMATED TWT LOADS

The estimated loads on the -6 tower and alternate trocket configuration
at 0 degrees angle of attack for TWT start using the Task 2-3/4-inch balance
‘ are as follows:

Element Rated Load Test Load
Forward normal 3750 3888
Forward side 1875 4304
Chord 4200 6398

The estimated loads on the -4 tower with the basic rocket and jettison
motor at the nose at 0 degrees angle of attack for TWT start using the
Task 2-3/4-inch balance are as follows:

Element Rated Load Test Load
|
Forward normal Not critical
Forward side 1877 3454
Chord 4200 6398
-6 -

SID 62-104
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.

The estimated loads on the -4 tower with the basic rocket with the
jettison rocket at the nose at 20 degrees angle of attack for TWT start are
as follows:

Element Rated Load Test Load
*Rolling moment 8000 5339
*Forward side force 1875 3406

Forward normal 3750 4737
Chord 420 6387

*For any angle of attack and is a function of model
angle to sting angle only.

SID 62-104
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APPENDIX A

STRUCTURAL ANALYSIS
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APPENDIX B

MODIFICATIONS FOR DUAL BALANCE TEST

SID 62-104




NORTH AMERICAN AVIATION, INC. .

REMARKS

This appendix presents a structural analysis of the components of the
FS-2 Apollo force model that have been modified or added for a dual balance
test, Testing will be conducted in the Ames Unitary Plan Wind Tunnel

facilities.

Two load conditions are studied: starting loads at 40 degrees angle of
attack and running loads at 50 degrees angle of attack. All components are
analyzed for the load condition that is most critical in each case. All
components have positive margins of safety for a safety factor of 5 on
material ultimate.

All drawings are NAA/S&ID drawn in July 1962 and are given in the
following listing.

7121-01077
7121-01078
7121-01079
7121-01081
7121-01086
7121-01087
7121-01089

Assembly and Details—Command Module
Details — Balance Blocks and Miscellaneous
Assembly and Details —Launch Escape Tower
Sting—Ames Wind Tunnel
Model Installation—Ames Unitary Tunnel
Assembly and Details Indexed Sting Joint
Assembly and Details Rocket Motors

Margins of safety for the components are as follows:

Page Component Type of Stress Margin of Safety
B-9 -4 Balance adaptor Bending High
B-12 -4 Tower leg support Shear 2. 59
B-12 Leg Support pins Shear 2. 50
B-13 Leg Support bolts Tension High
B-13 -7 Splice plate Bending 1. 20
B-20 -9 Spacer pins Shear 1. 75
B-21 -9 Spacer bolts Tension 4, 84
B-26 -2 Support arm Bending 2, 07
B-28 -2 Pivot pins Shear 3.76
B-29 -2 Support bolts Tension 1. 16
B-32 -6 Sting adapter (C-C) Bending 3, 41
B-34 -6 Sting adaptor (D-D) Bending 1, 45
B-35 Ames sting Bending 0. 46
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W7l 2 —~-/¢6
ENCCOSURE 2

LOADS, APOLLO — WIND TUNNEL MODEL

MODEL _SZRPOLLO £F5-2 REQUIRED SAFETY FACTORS —

SCALE ___. 105 S ON ULTIMATE
TUNNEL_UPw 7 - 2mp&S 3 ON YIELD
TEMP. NOTES -

MACH NO. .7 70 3.5 (1)-LOADS GIVEN IN POUNDS. DIMS.
7 > 5;q 2S5~ 2) IN INCHES, (MODEL SCALE ).

STEADY STATE LOADS —[X)
TRANSIENT LoADS — [

TOTAL CONFIGURATION LOADS:

STA.0 -
90 197

i

PEEP%REQ BY |APPROVED BY| DATE

B-3 SHEET £ OF

SD A.L-104
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V7 ~62-rEe
EANCCOS UCE 2 -~ Con/7”

LOADS, APOLLO — WIND TUNNEL MODEL

MODEL Z20cco <5 £ REQUIRED SAFETY FACTORS. —

NORTH AMERICAN AVIATION, INC. l’

SCALE __. 705 2 ON ULTIMATE

TUNNEL _ <P 7 - Zrr€S —Z ON YIELD

TEMP. NOTES -

MAC’H NO. .7 70 35 (1)-LOADS GIVEN IN POUNDS. DIMS.
SHO AT~ IN INCHES, (MODEL SCALE ).

ocC = SO° 2)-

STEADY STATE LOADS —[X)
TRANSIENT Loaps —[]

TOTAL CONFIGURATION LOADS:

B

Xep=. /3
LOADS ON COMPONENTS:

— -GS
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\\ W7 - el -~ /Lo
LA CLoSeE 3

LOADS, APOLLO — WIND TUNNEL MODEL

MODEL _Z20<cO A5-£  REQUIRED SAFETY FACTORS —

SCALE L LOS — 5 ON ULTIMATE
TUNNEL _«La7 - Pa75 35 —3 _ ON YIELD
TEMP. NOTES. ~

MACH NO. . 7 70 Z. 5 (/)-LOADS GIVEN IN POUNDS. DIMS.
/2275. £ 208 237 (2) IN INCHES, (MODEL SCALE ).
ocC = -

STEADY STATE LOADS —[]
TRANSIENT LOADS —I[X

TOTAL CONFIGURATION LOADS:

STA.0.00 12T

STA. é,wéé;fé‘\ ‘ @

B> j
A/c’,o =. 02¢ ——
LOADS ON COMPONENTS:

o O~ L27

STA.0,00 STA.0.00
& =g —— 40 - L — : -
Xep =
N=E7 (P2HFE
S=/47 | A=re” !
STA.0.00 Iz 277
g ° - _(7’-' ¢27 -

| — =

PARED BY |APP DATE
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AN

We -e2 -
ENCLCOSLELE 3 ~-oONJ7.
LOADS, APOLLO — WIND TUNNEL MODEL ‘
ggffé ,%;;_0 AS-2 REQUIRED SAFETY gCTORS'—
prd B
TUNNEL g o7 — PA2€eS 3 gx %&7: II.%ArE
TEMP. NOTES -
MACH NO. . Z 7o 3.5~ (/)-LOADS GIVEN IN POUNDS. DIMS.
¥ 245 f .08 R/ IN INCHES, (MODEL SCALE ).
oC = Lo 2)-
STEADY STATE LOADS —[
TRANSIENT LOADS —I[X]
TOTAL CONFIGURATION LOADS:
STA.0,00 @/[
L il
g ® —-
N P0G | I @

)

/‘?.'p LOLER
LOADS ON COMPONENTS:

STA.0.00 STA.0,00
HAep = \
N= PE L2 2£F
N=27¢

J7°

P ch /0. FLS
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EXICCOSURLE P - o7,

LOADS, APOLLO — WIND TUNNEL MODEL
MODEL _FFo<cO 52  REQUIRED SAFETY FACTORS. —

SCALE ___. 793 2 ON ULTIMATE
TUNNEL _«Pd7 - @nr2eS , 2 ON YIELD
TEMP. NOTES -

MACH NO. -7 70 2.5 (/)-LOADS GIVEN IN POUNDS. DIMS.
¢ 2 z;.g £ 208 Ass IN INCHES, (MODEL SCALE ).
oC = -

STEADY STATE LOADS —L)
TRANSIENT LOADS —I[X]

TAL CONFIGURATI A

Q{Eh - 1‘1/ i C e/l

/‘/Cﬁ =, O2LF ———o

STA.0.00 STA.0.00 [c]”
pleprs |12 zos \J——@
N=333
$TA.0.00 )(\ STA.0.00
e(- f— /23 —{M - -8

Y M?

—Xpp = /O E26 | Xop =682}
@%}_QLAPPR | DATE _
i ya
B-7 SHEET /2 OF

SID 6&. 104




s - d NORTH AMERICAN AVIATION, INC. | rieswo. or

e/ O/08 P

— L EMALANCE ADAPTOR —

/8,728 MmI/L
A
4il
Pls (R PR
N
e [T =
A - T 225
8 A
— ilf
A L B
4
A
—— ‘,‘{ —
LOADS —

oo — (r= 5o°)

ARTL - /7=FPH CRES
N= =2I2 , C= /R0 42, (A J- /PO ~R/0 KS/)

Srarymng (o= e0°)

Nz /9P W /(P = BT LS
C= =2/ <4

B-8 erys 2D 1IN A




orepansnay, AN NORTH AMERICAN AVIATION. INC. | riexne. or

cuzexeo sv. A 77C REPORY NO.
&le'éz nomno.fs‘b

/R~ O/08 ¢

— L BPALANCE ADAPTor (Cor )

SECT0n" A~d | GLNong -

Za, = .077//2.1.5‘{ /7&'9 = ,777?//\/’
Az 7859 225~ 75%) = o7/ on?
/ < £ REogliiry) = Ze
¢ T a ° . TP7P AT/
= Fo3o  APs/

/PO

A= 222 (B0.5/2 - /8 F25) = LBo ¥F NLE,

70 - -/ = /4[/ .
A S, Jm / & A

B-9

SP 62-104




r
| rmeeaneony.  C422¢7 | NORTH AMERICAN AVIATION, INC. | rieem. or
eumnﬂ-/‘% REPORY NO .
DATE: 7‘53‘ 63 MODEL NO. /‘5"2

72/ o008 ”

Jow Fe Lrg J’i/,.v,ao;a;-;‘/ S PL/icE Pharss

TOWER LEG —— &7, AHCS 02 Pics)
@ S<UPPoORT % A0 P (6 Pics)

; [l e
! =~ g3
4
) spLfes PL.
re———— f&o - 3~
S/ O£
- ——— 3

2.47 /j” — ! = P .jt_—] 0o |
- @/7;—:1 ‘—LT e 3 \ o T,k
. ,de” .
'“’:: o /25
4 pean




. N
o ]
"
f
g I ¢
g8 f
g |
zZ
z
o
- !
< |
>
< |
z
<
o |
x
E i
s
<
I
-
(1
0
y 4
N |
IR
58 N
mn
mmm
| I

e’ o/ 6 & s S

_ - §&s 85/ LS
r 22 pzE Vy 24 . ESS > N
— — 6055 ETLF = W
LT &oL y VLr ‘Br-A DEFSE = M
B Loy Y L~rom g L rvosy V Loy

(L9 008 %) Spramr (7r>/Lra>,08 = ) ZBAZLFy Zc

o

P F ¥ LV Fover [ FLAZEOLY

o> . oT/ iy
.y - A -
..o " » ~NETTEE J
ﬂ\<\wN\M\¢ 2724 T - TIM ST, .W o\\\:_“ Yv
k (>. -4 A 44 ..\\.\.k%v‘k\\
rKV\.. T Lovis

. . T lrer cn\ -
m w . - £S88
m rlsllllll oFé - gy r. VBT a3 4

-
Tlll ——— 2k — \Q E/ - o e e .I.Il‘l_ _
B 2 11

$¥ 4 - dl_

RIL T o7 D OVo7 SrirAvirx Coo~> & TVhId

7
KL WOFS Ovoy Smlyis OCCH> @ Fors Crvwveor

s T Ly L L voore 2 MO L IN...U.\\\..\UQMI

SID 62-104




snavano uy, M NORTH AMERICAN AVIATION. INC. | riecwo. or

cugcxeo oy, HETXO REPORT HO.

DATE: 7’16‘ 62 MODEL NO. f-f’z‘

T/~ Oro8 7V

-~ B ToNER LEg SopLorR) -

LS, sy epokyr TO E4éavcsE ESLock.

Z

SHLEAR - FZ A Ao L
= /f,,é o) My (Wax) = TIOI 4L, (B R, M)
A2 Leo FLAS = £. K5 (REA A5 I3)
= 7703/2(1',0_)

/5.9'7.2 L 8. éo/av.

Plhw 4.0) = 28 260 <4 (RE~ /)

248 260
7 - = 259
”_fg {(/f?l’ Smn——

owsS, SgLLPoer To =~ TLLrpoRT AL/,

SAHEA R - LG M AL Lo
= //A//z(d) 9 Wv Mix)s BEISw-48. Pop)

d= Z.r& (Rer A,/7)
N £67JA (2.75)

- 6/¢ L3, Ly,

28 Ré0o
5 ————— . = R
.3 J‘(/é/g) / -—====..——o__£

B-12 SID 62-104




CoI—ov

PREFARED BY:

PAGK NO. or

NORTH AMERICAN AVIATION. INC.

cuscxnn sv. A€ 270
Jr Ré ‘22 _

-2

MOORL NO.

I TONER <LEg Surror] -~

R/ CO8 T

aa‘f:, SYRPOR] 70 =2 T PrPoRy Aesy

/\/- j - 4 Al
TENS O /‘ 2 AN C TCRENWS

t= (‘Z}"’.’:;//zf.z,-fo— 2‘!)(‘1{")

= .2&’(&‘7@7/}// d(ho)( L, g0 = as)
~ 4252 / gca.15) - L L7 L8 Sse,

P26 _, .
#5 s Fres T LA

— 7 SPLICE pla)y &
MAF L, (78PN (47 /P90 ~20 %5/)

ELENOING =

. /

’;" /” (/:JO//‘. /5" ] 4-,”(-‘“)/'./’ “““
B |

“ff"

z 2576 («Fo) ® /2SO0 MLE, Py
L

-

2 (o) 280 - tee) )y = 0a91m¢ ’-"i’i -
- 25ADS)IC) by

Fyy [::ro (2.00)3 - 405" ]/,4
g r—-—-dco 4’ L

= /A 23er rH,
L )

Y

L . 2. 2N
é Jx A 2" __l‘l‘. v T
(2s8(as) (257 7‘!7/ ) v o seer
. ©29/7 o, ao(..ra) .1(/ JJe/) -

= /7,080 /3/ ’
L2l _,: fro
w5, s J‘(/;./) /

B;m, B SID 62-104



or

PAGE NO.

NO. /‘J- z

NORTH AMERICAN AVIATION, INC.

cgsy
cuzexn oy: AL 70

| _FYSPARED BY;

7’.2";2

DATE:

I
74

- OC&L 0/4 oef *w ¥

Frb b&T PLF ,ec =< v

$be IV I ,ef:2 O

-

;> Sover

) 1 48/4

# 5> ssmoo ‘AoplLs ovoy F2X0x" Ou0pO \.‘« T YO N

sovoy Srppined by

sovey Smrlavis

's

n 14



pruraneo ny, _ CHE8 NORTH AMERICAN AVIATION. INC. | riccwo. or
cuaexnn ays SHE 770 REPORT 90.

DATR: 7‘ .270 62.

MODEL NO. /‘J'd‘

— e

/- O/ ]

— P SPACER /\

S/L0E
———s

Ms \
§ e e | I ' ‘ ‘
- — &~ — | t= ‘+
endiHi\Y Lz
— 1'

//i L AN

s——

B-15
STD 62-104




Cetry

cusexxo svi S 7K

PREPARED BY:

NORTH AMERICAN AVIATION. INC.

PAGE MO, or

J' 27 &2

MOORL NO. /‘J"z

— P TPLdCLR -~ (o)

TR/ - oo

AT TACHIIEN TS — 2 ARN T0 — 2 TPACER —

LAT TLERAN PROLELER >/ &S

~
oo A,
Y il ‘\%
/. F0

N/

478 }—» /‘-;g ,u/c.r & pecs)

?@?, +-

76

]

L.9o

:_J’

9——?‘1'}

/9o
+%
zaﬂ—ﬁ
/TEny A x Ax® Ay A 3
/ -/ /O A2/ »/ 9o / 9k
2 -/, 70 /27 -/, #O A 96
K4 *L/8 /292 »3.40 S ré
+# AL2S Yy ¥4 - ,fo e
s F 2 &r .09 .76 xrl 4
»2.88 /2,598 ~2, 7 VO x4
- 25 RS2 PR L /. Pé
7 -2 /22 -/ FO VAL
-4 72./3 £ S27 >, 8 0 ' IE
PIX LS &, 789 7, 40 7,28

7




[ et

|_pwwramup my. ,YM___ NORTH AMERICAN AVIATION. INC. rasE MO or
CHECKED BY! M'?ta.__., . . REPORT NO.
DATE: 7'17’}2 | wooDELwNO. S ~-2

RS - orof7

- 5, SPHc L (corr)

Ar s ACK A G T PATT LR (o~ i) —

604::—‘
;(_4= {,ix = Z ;’ = ¥ I

| 4
Fo o 2 m

.Z;,d:. .ZLZA/"A,(;J ‘Z[/ﬂ.f/{-z.7‘(-(\f25
s 2 (& 49%) = /288

z, « 2[£4x2 -4+ 2]r8 228-2.080576)]
= 2 (r0.729) = 2/ 478

Aeg = 2(s0) = 2.0

YN S =
Yo = #.;a = F.z20

Fxe © z[f.ze - .60 610}]: 2 (#s60) = &22°
Zp = 2[4:,7413-/.134%72)]: 2(%r0r) = L2202

- L4 . 4 ‘
Ly = Fxe *Z, = f.r20 ra‘zoz - /BS2

Ap = 2(2.0) = &.0

B-17 STD 62-104




... NORTH AMERICAN AVIATION. INC.
CHECKED BY: Mﬂ

PAGE NO. or

DATE: 7' 17' éz _ | MODEL NO. /C—J" 4&
/)~ /o8&
- 9 Sescem (cor/7)

UERCEN TAG & O AW MoMEN T SPLE SIS TLED
Ey LPvVS okt ZGok 7I -

A= (7857 s0)° 1 {1t
= /968 * ! ~N_ 4
- -k S /e
/-',:,A!'?’//V" ( - v
(eer. /) = - {
A/s L o 3

opirc.q, (Rex P§, /7 )

Conseavar vadldy ASscomrs oONLy orvd JosL)
LA gl 7T A rvd ANO AEF AN e~
RES /)5 FArCE S A FHME  LPAryERAN G
AeSO ASSOWE FiE LPERCENTAGE o~
LoADL RES /377EO Yy FAHE Lorns /5 A

O/ @&ECT PRo LPORT /0~ OfF T NE W O T
O INERFIA Of FHE PSS O gHE
Scwyr Om FHHE NERTI/A of FHE PIAS
Avo Kol v .

Zornos = 1A = 4(3)(./7‘!}//.10)’: 2.2097 »¢

Loocrs < A o 229) = ooJ.?f[/o'?-”?)"'éZ/l)(4@5@:")

2, 3097
(2. 3097 ». 6 2/8)

< p
4 a—z = 75
(Z* 24 i

B-18

TSN 29O TN A



.. 4 NORTH AMERICAN AVIATION. INC. | riexno. or

——————

CHECKED BY: “Z 2L REPORY
DATRs 7“‘7’ &2 wooeLwo. 5 ~Z

8/~ o

~ PSFACLER  AFJTACHAMENT ROADS

E/A/J -

ST TNG - (X= 20°,CRiyIcHl)

Ay, = ITE(HBp P oL #r 7Y ~280(29 = 5if 50 Wss

Ms, s FEE (/7 24) =ZP00 N-LE

Luwwvwg ~ (X So0° C<Riprcal)

Hy, < Zol/737- o2e-./3) = FI0(20) ® 45 £I7m-df

= co -
als,

Godrs5 - (oNLy @eEsrsr— S oF Loads)
S7ART/N G ~

WMo, = FEF(/22F f576927) < FJ7FImd

B-19
SID 62-104



T

_cnscxao oy, FHLI77C REPORT NO.
_DATH) 7‘ 'Lzéz‘ . R MODRL NO. Fé-'z

reeanzony. 3 | NORTH AMERICAN AVIATION, INC. | rssre. or

2/ o/ Y

-9 .:"/O,qcé,e (co~77)

SHEAR — (% v 4.0 2ns)

AL
e () (s . e )]
s, Zvp Zep Ze,

/

) 2z
={[ess0 (2.6~ .477)
j‘ /& 522

4
2] 2
+ | 6o .60 - 28) . 7700(.76’0)(/a¢0)]j

o2 A 44
gt
= [{Jf? )z +-‘(/.4'6 + 740)]

4
= (L#88/77)% = /220 8. /PN

e, 522

I A/ i/ Koao MOITJ CR/Fr€EAL =

28260
= D —————— - Poug 4 7{
M.Z f(.?ofé’) 4 .==/

H]

B-20
SIN 42.104




e ..9.Y%

| cnsrassnav. 497 | NORTH AMERICAN AVIATION. INC. | reesmo.

oares 2 J0O - 62 -

ALy~ oOro8

— P5pPhcER (con/)

TS0 — ( -"7/€ AFC, :cwaw.r}

4 = (/"J) Mf,[c)

g
Ly

= (V= .788) 7797)(2. 65— .576)
SO, 739

IS L DAL %

&Z S

B-21
STD 62-104




ereransony. OV NORTH AMERICAN AVIATION. INC. | raesm.

or

CHECKED BY: ﬂm REFORT HO.
DATE: 7+ Feo. £z MODEL NO. S - 2
T/2/~ /087

— 2 SPPOR AR

HATL - 17-FPH, cres, /\ -~

A7 /P0- 2/0 £57

<,

ﬂ% s P
Lcs )
<

B-22
TN 62-104




AT 7-76.62 wooeL wo. S — 2

rneranenuy, CABW NORTH AMERICAN AVIATION. INC.

cuzcxae oy. S 77

) - oj08 )

= L SysroRrR 7 ARA7? (CorF:)

LorR _SrARZ G ConorronS otz o
LT CRizie bk (REm~ R /7))

My, = 69/ bar 024) - 6223748

(8

A s

<

Fre (6.8#) FJAE B n-LE.

N = LEP(Cosd0°)~ Wb (Sons #0°)
w S69(.76608) - /6 (67279 )
= 2827 - 75/ = L07é L4,

/

C 2 /e (7660K) » 2& 9 (.69779)

<

= &8 9 257 0 = S22 P L8,

J, = FFR LS.

Ao o s (oime g0

"

JFEES (EFLy?) = r5 /5. w-if

Q
0

//;c (Cos #0°)# 5(.6)
= Fra [r(/{. 96 2).76€0F) +0€)]

= [sresa » ary @)] m-ss,

B-23 SID 62-104



PREPARED BY:

e83+¥Y | NORTH AMERICAN AVIATION. INC. | resm. or

LL7X REPORY #O.

CHECKED BY:

DATE:

7. 30. 6 Z | _moomL o

L5 -2

T/Z) = oros 7

—2 SYPPORT ARH _(Cor77)

Ry Coror rran” <= $o o)

A = O(/.8F .13 = L5200 -LE&

Nz 9o (.76bor)~ 730(. 69779)

= zzf 4‘3- -

c’s  pso(.76éoq) ¢ 5700 6575)

= /SO0 LA,

S&Ec o =S5 - GEN OV G =

gy = THT N (s.829)
- £225 7 2076 (2.868)

- JO0 S50 nv-4E (57187

R

= s6/8 wv-s& (STHET)

Mer, = STISE 7 $EF(LI)
= IEET NALE (STHRT)

e F ™ W s a




| T - —ad | NORTH AMERICAN AVIATION. INC. | sewo. or

| cuscxmeyv. AC X : _ssromrwo.

| oarm: 7,30, éz o woosLwe. /5 ~ &

T2/ - 07087

-2 syperoR T ARH?. (co~/)

Secrvo~ F-8 (o~ )

, e /40 +| /) 00 |
y = C " S. IO | e
#g:  Z Fao . 1 D\
d ]
= 2277, 7FE S 2.80 L ’;”
) 2.80 e ™
- 2£/28 28 (Gresr) | DN
‘ SN
Le
ésxxd. l %

(BFF F5.25)

= JoSo » $6/3 (3.88%)
Z AW £

x OFF0 Ly GTAR7)

= — L T
Pasy = //:0 - I 77 o)

Vig-a)y; = My *L L =2 29 )

- /5200 » RAT( 7.889)
z Z

EOFO N-LS RIV)

STD 62-104




. ~ 2. NORTH AMERICAN AVIATION, INC. | setwe. or

cenzz ove_ i 27C i REPORT XO.
A TRe 7" Jo.6 2 moouLwo. S ~ X

T2 - OrOFY

—Z J‘/ﬁaog;" A B 37 /(0/\//'/7/’

s&cFion E£-E (C'O/V/I"/

z,, =  S@°-7) _.-Z[ZKI///)]

g
-4

= /,oa(/,aa"—/,po")_ .z(..f/;,r)/Aoo)
2

- A74E — 6250 = S 27 o

-—

'4‘%.- soo( 2.80-j00 — .&27)

VAL LC PV

e P . B8€dgo( /. Fo) . as28
N T — = Tz X

= /8250 S/ (S remR7)

VR & o0 (/ #0) J75 . ~ »)
s, = # .7_/17? /0,580 Ps/ (o)

SFARTING LOAD Afosy CRIJ/E4L

Ve £~ - 2
e ete—————— a/ - .07
A5, = r2,95)




e —— e s . I

|_rosranes ov. cegef NORTH AMERICAN AVIATION. INC. | siecwo. or

M—’-&n . DU ... ]

| oATE: J‘/"‘ . —— ,J'L

2/ - oro8 7

- 2 SgyemoRy” ARw (co~7)

% N, DA, PVS,

I/A/a = ”’VC 7‘/,/.’!!’7 -"I,J"ﬂ)

= B2234 2076 £ 289)

= FEFG v- LS. (SrART)

Mo = 57958 A 2II(6.589)

=2 BI78 =48 (TTARF)

’l: M/‘c

= £8/3 - L. (S7ARy)

M, = ASLOOr Z2S (€. 3879)

= /6,638 N~ <Lc (luw)

(. -Z
@/ﬂ - 7 o 7 # ko
” 2(50) x2) 2(A,80)

= ye

y 2
+[ CQ ’ + ,,’/.(o J
g R(2.80)

SID 62-104




| repsma. %1 | NORTH AMERICAN AVIATION. INC. | rieaso. or

/2, o8 7

-2 SgpporRy ABs (cCorT)

Ze N oM. Pivs (o7

P 4
7o 2076, 16/3]
(0/4/)_, 70, 0 9,0 J &0

4
F27 2 gﬁjj"‘ 2
“#o * Féo
,[(/ué) + (13 ) ]

[ o7 425T*

> 23 /9 L8 (srarr)

P@’/y)" - A, “/c’
/

i
/740

/70, O &, 0

= /720 LS. (204))

ST ARTING LOAD o5y CRTHAL"

SHEARL —
/!S - (,7&7‘1(‘ ve&re) * . oL *

L= £ = 232 o SefT 257
s 4 71

/25
A7 5 = T2y

-/ = 2,74
SR

B-28 CIN 49 1NA



pREPARED BY: CM NORTH AMERICAN AVIATION. INC. | rieewe. or

| cuecnus v, AEI7C _sevony Mo,
| oaTEs 5‘/'62' woosL NO. Pt

TA/ - Cro8y

-2 Syecoeryr Aess - (Cor )

% ANC, SCREWST AL ACLEN O Z Py's,

’; = I:é /._(; on (4) (C"@A/JZ"VA/"/VI)

i

= S5 je o SIS LS.

FLES
«d JC857) /7 = ""—-"—"—-—.-_t:‘

B-29
S¥I)76Z- 104




ranso ny, O&Lil NORTH AMERICAN AVIATION, INC. | ricsm. oe

enmreep o S 22C meponrNe.
BaTE: 5’/'£.i— moow.wo. XS - X

TSRS orL2&L7

— & STNGE LADALTOR

V)
AT L, /7 ~FPPYH RES
A, 00 PO ~RsO XS/

ATe O/4, (3 plcs) __\ c ) P
AFoL, ‘ |i

B-30
QN 42104




-3
_PREPARRD BY: “'_d"

NORTH AMERICAN AVIATION. INC.

| cwecxwooy. /XL

PAGR NO. or

REPORT NO.

g/ &2 — _|_woouL wo. S ~2

772/~ oo &

— & STNG ADARPTFOR (cor)

SEC oA C ~C

SLeTronS PROLER T/, ~

S TEAT A % Ay * ot Ax* Za » Loy
S A, o+ T EFO0 ~ - - — RV F IV 27
Zz2 - -2./&¢ - - - - - JOS6 -. 7856
S -(1) ~ .gooo — —_ Y L2 EBELo -, O/F/ ~. 00O
£ -4, -~ . 7B/2 Joo 78/L LO87 5229 — -

Z5/72 - 7872 ~A7879 #3224 L3225

Ad= 2.3/72 w?*

¥

g 2228 — ,78/2

n

rs9/2 v °

Zy, = ¥.3325 - 4787F = 2,596 o ”

LoAaos A7 .Sfc/""'/o/\/ c~¢C

/A/‘,c)a //ya o A/o,(l.g’o)

x PSS I~ 207,6(2.50) = B o0& 8 s~4d (<!

Id 7/
See) "/Jo ~ I, (2.50)

i

53’73f f’fﬁ/.z..fo) = 9‘33 A L& (’1 )

B-31
SID 62-104



rusranes uy, __ ColAY NORTH AMERICAN AVIATION. INC. | rieswo. or

|_ensonmm ov. A2, _ [—y
_md'/'éz woosL w0, S = s

2/ - O/087

- & ISFNG AoAR7oR (co~s )

SFEcrvork c~c (co~'7)

,«4/‘ c S, EIEr 225(2.50) < /200 kS (X))
BENOING —
in: :Efi "‘f’
¢ Z A
- gos 8(sve) . F6£3(sLve), 24T P
TSI /2 2Z. T¥YE 3.7/7&
= BE/E PS/ (SFTART)
= /7200 (/.40) 450
8.9/ =~ %372
w- /50 psSy (@ o)
: /PO
2.5, 3 -_— -/ = . */

SCE. 6/6)

B-32




rreranzo av, VY NORTH AMERICAN AVIATION. INC. | reno. or
CHECKED BY: A 77 REPORY MO
‘ ' DATE: 6"/: 62 _ nomn_o_.;;‘r-z
TR~ o/08 7

~ 6 Srowvg Apqrpror (co~7)

SECTS/ON  D~O -

Zp,: op(280% 2.00%)
- 2(.80) 90} /i 20%)

2.2729 -.gpé0

S b F ¥

A, = 785¢(2.80%2.00%)
- 2(.I0)(.#9) SECT o~
= 2.6/6 ov*
.,  COEL + 207.6 2.65) ~ 66 /8 A48,
v,
/G B0 LS.

M5y . 2" o2+ 2FF (2.65) =

//@tv,I "'/L(

-

2 ]
I /) (/q!‘o)] 2 T BEFN-LE

/7, 76 N-LE

Myﬁu)‘ = /7200 F* 225(L635) =

B-33
SID 62-104



S ikl NORTH AMERICAN AVIATION, INC. | sieewo. or

PREPARRD BV:

cuecnep ny: FA SR
DATE: & /-6 i

e -

woosLwo. /= S = Z

RS ST

- 6 Song ALAPOR  (co~T7)

SLELECT oA LD~ D (cor )

f{‘ - n’c P 7, 7P S #e) . SSLe
& ya 4 L ES5 & Z,. 676
= /6?90 S/
£, o= oSS (R /)
ZA i / = I
2= sy —_— |

B-34

rmwwew F 2 .~ A



e

_PREPARED WY W

|_CHECKED BY: /K? 2

NORTH AMERICAN AVIATION. INC. |

DATE, 5"'61/

PAGE NO. __or
|_neront me.

woosLwo. & I - X

Z/2/ -

008 /

AMES NG

SEC T E~F.

A4 7L - ;-G ON

NEGLLc Vg CHORD cons 2

- AT O o LSy
_1| r,o/&'
4% $ofes
Yoo %__- k.
e |Ir _ e /75
l ' '? >T_
. LSO _../J‘D‘-i‘
J
o~ Secy £-A
e 6. OO —-
Zer = (/77¢' .J/j")/a"”) = Zrts v *®
My < Mo N (500

I7,7F6 »225(Fe0) = /8 P2/ A -AE,

(C,: /5O «&8.)

SEeromnvg ~

o / )
[: /:{-C; E 2 e (. PP - 25 g0 OS5,
4 Z /57 e

Ve 2K -
= — =y = . €
A7 3, F28.9¢) —+=
B-35

STN 62-104



/' B "\
NORTH AMERICAN AVIATION, INC. *7 ] SPACE and INFORMATION SYSTEMS DIVISION

'~/

APPENDIX C

‘ MODIFICATION TO UPDATE
THE FS-2MODEL

SID 62-104



Y R
NORTH AMERICAN AVIATION, INC. . “%’) SPACE and INFORMATION SYSTEMS DIVISION

N
\J_,"_//

ABSTRACT

This Appendix presents a structural analysis of the
components of the FS-2 Apollo Force Model that have
been modified or added to update the model to the
latest configuration. Testing will be conducted in the
Ames Unitary Plan Wind Tunnel.

The analysis of new or modified components is
presented in full. Components that are not modified
are analyzed by a comparative analysis for a
90-degree a at 540 q.
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AUTOMATED STRAKES
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NORTH AMERICAN AVIATION, INC. \\J SPACE and INFORMATION SYSTEMS DIVISION

REMARKS

This Appendix presents a structural analysis of the
strakes and the strake mounting structure for an auto-
mated strake test, Testing will be conducted in the
NAA Trisonic Wind Tunnel,

Loads are derived for tunnel starting at Mach 3, 5.
All components meet a safety factor of three on
material ultimate with the exception of the drive gear
train. (See pages D-18 through D-25,)

The margin of safety for each component is based
on a safety factor of three on material ultimate and
loads as shown on page D-6., All margins are shown
in Table I, page D-5,
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REFERENCES

Model Design Structures Manual, NAA No. 52-332., LAD, Rev. 1962.

R.J. Roark, Formulas for Stress and Strain., Third Edition, New York,
McGraw-Hill Co. (1954).

Virgil Moring Faires, Design of Machine Elements., New York,
MacMillan Co. (1952),

No. 7121-01092, Assembly and Details - Apollo FS-2 Automated
Strakes (TWT). NAA/S&ID (25 April 1963),
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Table 1. Margins of Safety

|
|

Page Component Type of Stress Margin of Safety
D-10 Strake Tab Bending 1.50
D-11 Tab Screws Tension 1. 60
D-12 Aft Screws Tension-Shear -0.20
D-15 -3 Ring Bending High
D-17 Ring Bearing Radial 2.12
D-19 -4 Ring Gear Teeth Bending 0.40
D-20 -11 Drive Gear Teeth Bending 0.20
D-22 Mitre Gears Teeth Bending -0, 46
D-23 H 3248/3222 Teeth Bending -0.54
D-24 H 3232/3240 Teeth Bending -0.28
D-25 -10 Shaft Shear 0.84
D-.25 -10 Shaft Bending 0. 60
D-26 Bushings Bearing 0.79
D-27 -9 Housing Screws Tension High
D-5
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LOADS, APOLLO - WIND TUNNEL MODEL

MAXIMUM LOAD ON STRAKES FOR TRISONIC
STRAKE EVALUATION TESTS

Model - FS-2, Strake, Ljg
Scale - 0.105
Reference area = 6. 3 in, & per strake

Supersonic Speed Range:

1. Maximum loads occur during starting - axial = 28 psi
normal = 24 psi
M = 3. 5 A
a=50° STRAKE
g
S
50°
I TUNNEL

2. Maximum steady-state loading -

M=2.3
q = 2600 psf Load = 113, 8 pounds per strake
a =90°

Assume Cp = 1,0
Subsonic Speed Range:

No high starting loads - miaximum steady-state given

M=20.9
q = 1600 psf
a =90°

Assume CD =1,0

Load = 70. 0 pounds per strake

Note: Loads act through centroid of strake
Reference (PQ-63-77, Enclosure (1))

D-6
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REMARKS

This Appendix presents a structural analysis of a Canard Plate and
fittings that have been added to the tower structure of the 0. 105-scale
Apollo model. Testing of the model will take place in the Ames Unitary Plan
Wind Tunnel. The test will be run without the Escape Rocket attached to the

tower. Additional tower loads due to the plate were neglected as being much
smaller than loads due to the rocket.

Margins of Safety based on a Factor of Safety of 5 on the material
ultimate strength and 3 on the material yield strength are all positive.
Below is a listing of the Margins of Safety.

Page Component Type of Stress Margin of Safety
8 Plate Bending +0,081
8 #3-56 AHCS Screw Shear +0.083
9 #3-56 AHCS Screw Tension High
E-4
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REMARKS

This Appendix presents a structural analysis of the
most critical component of additions to Drawing
7121-01048, The items added are antennas, vents, and
umbilical fairings.

Loads for Ames 9 x 7 foot tunnel conditions are
used to analyze the -9a antenna. No other item is

more critical,

The margin of safety, with a safety factor of five
on material ultimate, is 7. 34.
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